Design of tissue engineering strategies deals with the need to balance both biomaterials characteristics and techniques specificities, often resulting in cell-compromising processing conditions. One important factor often disregarded is the osmotic pressure to which cells are exposed. An in-house microfluidic system was used to prove that addition of an osmotic regulator significantly benefits the generation of viable cell-laden hydrogels under harsh processing conditions.
| INTRODUCTION
Designing strategies for tissue engineering continuously challenges the application of cell-biomaterial systems in biomedicine. The need for more versatile approaches imposes the identification/optimization of methods that not only address material features and construct design, but also take into account the conditions in which cells are maintained.
Attempts to cope with biomaterials characteristics, such as, for example, crosslinking mechanisms (Gasperini, Mano, & Reis, 2014) , and techniques specificities, such as bioprinting (Malda et al., 2013) or microfluidics, often result in cell-compromising processing conditions (Rozman & Doull, 2000) . If cells are maintained for periods that can range from few minutes to even hours in less than ideal conditions, they are subjected to different types of stress stimuli. Mechanical and shear stress, and osmotic pressure, for example, compromise membrane integrity and cell viability, ultimately impacting the performance of the generated construct.
Control of osmotic balance is often achieved by the use of physiological buffers as solvents for the biomaterial. Although these work for several polymers (e.g., alginate) (Wüst, Godla, Müller, & Hofmann, 2014) , the crosslinking mechanism is often a limiting factor. Gellan gum (GG), for example, also crosslinks in the presence of monovalent ions (Oliveira et al., 2010) ; therefore, water has been the primordial solvent used to work with it. It is expected that cells resuspended in a wateror nonphysiologically buffered-based polymeric solutions (hyposmotic conditions) are subjected to osmotic shock. Therefore, we hypothesized that the use of a chemically inert osmotic regulator, such as sucrose, during cell-compromising processing conditions may contribute to preserve cell membrane integrity and reduce cytotoxicity (Figure 1 ). To address our premise, cell encapsulation experiments were performed using a microfluidics system and two materials with different intrinsic properties, GG and alginate. The effect of the inclusion of sucrose as an osmotic regulator was tested both in mild and extreme conditions, varied in terms of experimental time frame and polymeric solvents.
Alginate (1.5% w/v; Sigma-Aldrich, Portugal) and GG (1% w/v; Sigma-Aldrich, Portugal) solutions were prepared respectively in water or phosphate-buffered saline (PBS; Gibco, Thermo Fisher Scientific, Portugal), and water. Sucrose (Sigma-Aldrich, Portugal) was used at hyposmotic (0.12 M), isosmotic (0.25 M) and hyperosmotic (1.5 M) concentrations.
Human adipose-derived stem cells (hASCs) were isolated as previously described (Cerqueira et al., 2013) To understand if the observed effect in osmotic balance, and consequently in cell viability, was sustained for prolonged processing times, a kinetic study was performed. Cells were resuspended in GG water-based solutions in the absence or presence of 0.25 M sucrose (selected form previous experiment) for 5, 10, 20, 60 and 120 min prior processing. The produced cell-laden GG hydrogel fibres were then cultured for 24 h to assess viability ( Figure 2C ). Impressively, the presence of the osmotic regulator had an immediate significant (p < 0.0001) effect in the improvement of cell viability (from 59 to 83%), can be seen in the condition corresponding to 5 min of processing time. It should be noted that cells are in contact with the indicated concentrations of sucrose only prior processing since sucrose is mostly membrane impermeable being then considered as an extracellular osmolyte (Disalvo, 1988; Meryman, 1971) . Therefore, diffusion of FIGURE 1 Proposed rationale to improve the viability of cell-laden 3D structures for tissue engineering applications processed under cellcompromising conditions such as microfluidics and bioprinting, often subjecting cells to water-based polymeric or nonphysiologically buffered solutions. Osmotic imbalance can lead to cell death either by osmolysis (hypotonic medium) or plasmolysis (hypertonic medium), which can be controlled with the inclusion of inert osmotic regulators such as sucrose during processing [Colour figure can be viewed at wileyonlinelibrary.com] sucrose from the fibres is expected to occur immediately after immersion in the cross-linking solution and/or in the culture medium (Bayarri, Rivas, Costell, & Durán, 2001) . While in the absence of sucrose cell viability was significantly and successively decreased with the processing time (from 59 to 46% and to 9% at 5, 10 and 20 min, respectively), in its presence the positive effect was kept along the processing time and for up to 2 h. Nonetheless, even in the presence of sucrose, after 20 min of processing the percentage of viable cells diminished from 79.5% to 68% and then to 55%, respectively for 1 h and 2 h.
To be able to compare the effect of sucrose in the improvement of cell viability under physiological conditions, the same set of experiments was conducted with alginate. Although alginate is commonly prepared in PBS, water-based alginate solutions, in the absence or presence of 0.25 M (isosmotic) and 1.5 M (hyperosmotic) sucrose were also considered (Figure 3 ). In the alginate hydrogels prepared in water in the absence of sucrose cell viability results (17%) were comparable to those obtained with GG, confirming the harsh effect of hypotonic water-based polymeric solutions. In the presence of 0.25 M sucrose, this value increased to about 86%, similarly to the 77% obtained with (Pongsawatmanit, Ikeda, & Miyawaki, 1999) . Nonetheless, the different properties of GG and alginate, in particular the shear viscosity, also impacted the percentage of viable cells observed in the presence of 1.5 M of sucrose. Higher shear viscosity has been correlated with higher osmotic pressure, thus compromising cell viability (Donnan & Rose, 1950; Loeb, 1921) , which justifies the lower percentage of cell viability observed in the water-based GG in comparison to the alginate hydrogels in the hyperosmotic conditions.
To assess if the immediate effect of sucrose changed with the material, the kinetic experiment was performed for the water-based alginate along the same processing time as for the GG. Similarly, cells were protected when re-suspended in a water-based alginate solution The use of other natural or synthetic molecules as osmotic protectors (McGann, 1978 ) cannot be excluded, as was previously shown for mannose in the development of a new bioink for additive tissue manufacturing (Melchels, Dhert, Hutmacher, & Malda, 2014) . However, the choice of which compound to use must meet the biomaterial-and cell-associated criteria, such as the polymers crosslinking mechanisms and cell viability that were herein considered. This work represents the first approach to further tackle the effect of cellcompromising processing conditions over other cell metabolic functions (Brühlmann et al., 2015; Eagle, Barban, Levy, & Schulze, 1958) , which define the long-term performance of the generated constructs. 
